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A total of 14 charges was detonated in the first vessel. In the first shots, charges ranging
from 10 pounds to 30 pounds of composition C-4 explosive were fired. The next 7 shots were
repeated 35-pound spherical charges of composition C-4. The final shot in the first vessel was
47.5 pounds of 60 percent strength commercial dynamite. At the conclusion of this test series
the vessel was still in good condition and had swelled an average of 1 percent over the vessel
surface, as determined by a network of fiducial gage lengths. Venting of burning detonation
products from the vessel port was initially fairly severe, but modifications to the closure
greatly reduced this problem. The design of the remaining three vessel doors was further
modified to reduce the venting problem.

Three repeated 35-pound charges were fired in the second vessel, producing an accumulated
plastic strain of 0.6 percent average over the vessel surface. This is in exceilent agreement with the
observed strain on the first vessel after three shots. The door modifications greatly reduced the
venting flame, and on two of the three shots, little or no flame vented. Measured peak free-air
blast overpressures successively decreased from 3.4 to 1.6 psi at 5 1/2 feet from the vessel port
for the three shots. Likewise, the peak blast overpressures decreased from 0.95 to 0.53 psi at a
distance of 13 1/2 feet from the port. This decrease is attributed to better seating of the doors
being achieved by the blast loading.

Two vessels were mounted on modified, commercial, four-whee] trailers equipped with
large tool boxes and shipped to NAVEODFAC for further evaluation as prototy pes.
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PREFACE

Mr. Lennard Wolfson of the Naval Explosive Ordnance Disposal
Facility served as technical monitor for this program. The many helpful
discussions with him materially aided the successful completion of this
program. Several persons on the Battelle staff also made valuable con-
tributions to this program. Worthy of mention are Joe H. Brown, Jr. for
managerial support, H. W. Mishler for establishment and supervision of
the welding procedures used in the fabrication of the containment vessels,
A, S. Chace for technical support, W. H., Stefanov and others of the weld-
ing laboratory for conduct of the welding ,J. W. Neutzling, H. C. Burch-
field and others of the machine shop for fabrication and fit-up of the
vessel, cradle, tool boxes and trailer modifications, W. F. Schola, and

S. C. Green for assistance in the conduct of the explosive experiments

and E. C. Nowell for the principal typing work.
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INTRODUCTION AND SUMMARY

This program was initiated to provide the armed services explosive
, ordnance disposal teams with a trailer-portable blast containment chamber
;% capable of completely containing the blast from detonation of 40 1b of TNT
or the equivalent, fqr several repetitions. The objectives of the work were
to develop a vessel design, to fabricate and test prototypes to prove the :
1 3 blast containment capability, and to deliver two trailer-mounted prototype :
vessels to the Naval Explosive Ordnance Disposal Facility (NEODF) for |

further evaluation. To accomplish this objective, a spherical vessel design

was developed which was predicted to suffer a fraction of one percent plastic ‘ é
strain, during blast containment. By designing the vessel to operate in the A
plastic strain regime, rather than providing sufficient vessel strength (and
weight) to provide blast containment without plastic strain, a weight re- ol

duction probably in the neighborhood of 407 was achieved. The magnitude

of the weight saving projected depends on the assumptions made regarding

SRR L Ut L NP P
sid

the maximum allowable elastic stresses and plastic strains. Obviously, a 4
blast containment vessel designed for plastic deformation has a limited life, 3

however for this portable application where few actual contained detonations

are expected, the weight savings far outweigh the life limitation. i |5
The vessel design developed utilized a 5-ft diameter spherical steel g
chamber with a 1.40-in. average wall thickness. The vessel was equipped with o

an 18-in. diameter access port as dictated by NEODF. The access port was

arranged in a vertical plane, and closed by a pair of inward swinging, cafe-type x

doors which overlapped the access port on the inside.

1 A total of four vessels were constructed of ASTM A-537-72A Class T

" “ ! 1 steel. Two of the vessels were proof-tested at Battelle Columbus Laboratories. 3

3 The other two were mounted on specially modified trailers. After testing, ;

t i i all four vessels were delivered to NEODF. é

;?‘ ! ) The first vessel was extensively tested. A total of 13 detonations ¢ &
4 i were contained in this vessel, of which 7 were 35-1b spherical charges of 4

Composition C-4, and 1 was 47.5 1b of 60 percent strength dynamite in a {




spherical charge shape. At the conclusion of this test series, the vessel
had suffered an average of about 1% plastic strain. Principally due to
variations in wall thickness, the local strains on the vessel surface varied
L from 1.14 percent in the thinner regions (1.26-in. minimum wall thickness)

s to 0.77 percent in the thicker regions (1.52-in. maximum wall thickness).

A During the firing sequence the vessel strain hardened appreciably so that

- the final 35-1b C-4 shot of the series produced less than 1/3 the plastic
strain produced by the first 35-1b shot. At the conclusion of the test
series, the overall appearance of the vessel was essentially unchanged and
= the closure doors and hiuges still operated satisfactorily, although the

hinge mechanism suffered minor damage.

Subsequent vessels were fabricated with a minor change in the hinge
iy design to eliminate the problem noted in the first vessel. Testing of the
3 4 second vessel consisted of three firings of 35-1b spherical C-4 charges. The
vessel strain after 3 shots was nearly identical to that of the first vessel
after 3 shots, 0.6 percent strain.

At the conclusion of testing, the first vessel was shipped to NEODF.

The other test vessel and two trailer-mounted vessels were shipped to NEODF at

G T M e -

the conclusion of the program.

This report describes the material and vessel size selection criteria,

fabrication procedures for all vessels, and the test procedures and results

for the vessels tested.
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VESSEL DESIGN AND FABRICATION

This section contains the design criteria for selection of
the vessel size, the design criteria for the port reinforcing ring-and
door, the reasons for selection of the materials used, and a description

of the fabrication method employed.

Vessel Size

The selection of the vessel size for this program was based on

the predictions of a one dimensional, elastic-plastic analysis of a

(1 (2)

spherical vessel. This analysis was programmed in FORTRAN by Battelle
for evaluation of the maximum an:. residual plastic strains to be expected,
in an in-house effort prior to the inception of this program. The vessel
size was selected to be 5 ft in diameter with a 1.25-in. wall thickness.
Using the conservative values of 50,000 psi for the material yield strength,

in agreement with the material specification minimum 0.2 percent offset

- v e A - -

yield strength and the blast wave parameters of 50/50 Pentolite on a 1:1

equivalence to TNT, the selected vessel was predicted to strain 0.46 per-

cent per 40-1b TNT shot. 1In practice, the hemispherical heads for the
vessels were ordered to be a specified 1-1/8-in. minimum wall thickness
with expectation of obtaining near the desired average wall thickness. As

shown in the evaluation section of this report, the actual minimum and

average wall thicknesses for the one vessel surveyed were 1.29- and 1.40-

inches respectively.

Later estimates of the proper yield strength to be used for this
A-537 Class 2 material suggested that 100,000 psi would more closely predict
the vessel performance. Also, during the course of this program, the
effects of the confined explosion gas pressure were added to the programmed
analysis. Appendix A comprises copies of the computer output for the mini-

mum, average, and maximum wall thickness cases for comparison with experiment.

* References are given at the end of the report.




L A 2
'

Y

Reinforcing Ring and Door Design

1 The reinforcing ring for the 5.0-ft diameter vessel was
E | initially sized using the thin-ring approximation(3) given in Appendix

E B as Equation (B-6). However, the final sizing was based upon Equation

i; (B-8) of Appendix B since the thick ring approximation was more appro- i
%f priate due to the small diameter of the vessel opening. The basic trape-

;f L zoidal shape 5f the ring cross-section was then arrived at through an

'; -1 engineering layout on which the design procedure outlined in Appendix B

- ‘ was applied.

; : The design of the ring was further complicated by the fact that

% n, l the closure consists of two semicircular doors. In the analysis of the

%Tj effect of using two semicircular plates to close the circular opening, it

was assumed that a static pressure load was distributed uniformly over the
area of each door and that support of each door is only provided around
its curved edge. The difference in the geometrical centers of the door

area and the door circular arc then introduces a moment that prescribes

Gkl A R —

that the bearing stress between the ring and a door is a maximum near

the straight line separation of the two doors. This maximum bearing stress

was then used to size the bearing surface between the ring and the doors.
The separation of a circular closure piece into two semicircular
doors introduces a bending moment about the plane of the ring at the

junction of the two doors and the ring since the center of the applied

pressure moves from the symmetrical center location to the center of area

of each of the doors. Since there are two doors and two sides to the ring,

A e o S e B s e

the moment applied on one side of the ring is found by multiplying the

pressure over the area of the door by the distance from the center of the

o AL el o ke i £ T B s s e o
accsyme »: r-

area to the straight edge of the semicircular door. The stress concentration

} produced by this moment over the loading in the ring from the sphere and an
¥ 1 assumed circular closure piece was alleviated by welding doublers to the
ring and sphere. The doublers were sized to match the maximum use of the

spherical cap removed from the sphere for the entry port.

1)
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Equation (B-5) of Appendix B was used to ballpark the thickness
cf a one-piece circular door for the vessel port. Evaluation of this
equation for v = 0.27, a = 30.625 inches, ts = 1.25 inches (the cal-
culated average sphere thickness on order from Lukens) and S 9.88
inches (the approximate effective radius of the door to the bearing
area on the reinforcing ring) leads to a lower bound door thickness of
3.28 inches.

However, for the split door configuration planned, the structure
whose stress analysis is desired is a semicircular plate, and loaded with
a uniform load per unit surface area. As the solution for this exact
problem could not be located in the standard stress aanalysis sources, the
solutions for two similar problems which serve to bound the exact problem
adequately were located. A simply supported square piate under a uniform

pressure 1is cut into two rectangular sections called half-square. The
(4)
t

following formula was derived for the thickness sd

required for the

square plate

] V2 , )

2
tq = [BBtsao /a\S

where B is constant dependent on the ratio of the plate length to width.

For this ratio equal to 1, 8 = 0.2874. For the half-square, the formula

for the thickness(s) th

B is equal to 0.36. Thus the ratio of the two thicknesses will show the

= is identical to Equation (1), but thz constant

additional increment required when the square door is cut in half:
LRV [ 0.36/0.2874 ] /2 = 1.1 .

In like manner, the design criteria for the circular door was modified by
applying the factor of 1.12, Thus the total thickness of the plate re-
quired is 3.67 inches, which was reduced to 3.50 inches for ordering and

as an approximation.
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: Door Hinge Mechanism Design i
The door hinge was designed to satisfy the following general
criteria: i
'é ‘ e Each door should have a well-defined axis of rotation
v that does not change while the door is subjected ?
| to handling or traveling loads.
] 1 e The pin support system should allow the ring
i and door to deflect and move during explosive :
! loading so that neither the pin nor any of .
the mechanism’s pieces fail. E
‘ The detail design that was chosen to satisfy these two criteria ;
‘ng. consisted of a spring loaded hinge that utilized a floating conical |

£

bearing to provide the necessary alignment of the door and yet allow iightly

restrained movement during explosive loading. The angle on the conical

o
A
-a e e ew o
s i

;ﬁé bearing and the size of the hinge were determined from an engineering lay-
if out of the ring and the door. Due attention was paid to the clearance of
%ﬁ the straight edge of the semicircular doors and the accessability to the ;f
;2,% l hinge mechanism from the outside of the vessel port so that repairs and Ez
'}{ 1 torquing of the bolts would be facilitated. Cg

A spri- g load of one thousand pounds was determined to be re- 'f?
quired to keep the doors in proper alignment for 6 g traveling loads.

Since this design was the first of its generic type, a radial clearance !1f

R

Py L e e

on the mechanism's bolt and bearing of 3/16 inch were allowed. The belle-

i e,
e A i
it k. WS _ambe Nl
Ear— -

o
s
- A Wl

ville springs that provided the preload in the mechanism were sized so that y

LY

they would not bottom out before the bolt and bearing contacted the in-

side of the hinge.

b Vessel Support Cradle Design

A basic loading of 6 g's in the vertical direction and 4 g's in

il
I M v

any horizontal direction were used independently to size the following:

e Support feet attached to the vessel
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e Tie down bolts between the vessel feet
and the cradle
e Frame of the cradle
: ) e Attachment points between the cradle and .
the trailer it

Since this was an untried method of supporting an explosive

contalnment vessel, the support surface between the vessel and the

cradle was taken along a spherical radius so that the local restraint

: of the movement of the vessel wall would be minimized. The remainder

“ ‘ of the design was concerned with firmly supporting and holding the vessel

secure under the assumed handling and traveling loads.

Material Selection

]

The material selected for the vessel shells was a steel !';L

designated as ATSM-537-72A, Class 1, or ASME boiler steel 3A-537A. This
3)

i selection was made because of past good experience wit. this grade of

i
£
RS
e ———— = -

S

steel. Its original selection was based on five considerations: (1) a

I high level of toughness, as measured by the Charpy notched-bar impact

v \;} o
L
- o Sl
PR v R

test at low temperatures, (2) weldability, (3) cost, (4) availability, and
(5) the fact that steels with good impact properties at low tempcratures

must be good quality steels. This provides additional assurance that de-

Lo '—-*A

. e S i

bt
-

e B AR s

formation of the steels will not be adversely affected by unacceptable r1
defects or improper processing.
ASTM A-537-72A, Class 1 steel 1is a higher quality carbon steel

with a nominal composition of 0.15 to 0.2 percent carbon, 1.2 percent

gl
CogReTis
3

manganese, 0.2 percent silicon, less than 0.02 percent sulfur, and less

than 0.01 percent phosphorus. This steel will have a minimum yileld strength

| - ) of 50,000 psi, a minimum ultimate strength of 80,000 psi, and a minimum :
5 ’ of 18 percent elongation in 8 inches. In addition, this steel will have i)
a guaranteed minimum Charpy notched-bar impact strength of value of 12 ft/1b i E
at -75F. Nominal values for impact strength at -75 F are about 30 ft/1lb g
w and at =50 F about 55 ft/lb. The shells of all four vessels were constructed |

of this material.
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During the time of fabrication of these vessels, U. S.

economic conditions were such that steel availability was less than

b S

normal. After conside.able difficulty forged material for all four
doors and rings of AS[M-A-350, Class 3 material was located and ordered
with an 8 week delivery time. At delivery time however, it turned

’i out that material for only the four doors and two of the four required 4

reinfercing rings was available. After additional difficulty, a large i
| plate of 5-1/4-in.-thick, ASTM~537-72A, Class 2 (except for gage) material
was located and purchased. The otiier two reinforcing rings were torch-
i cut and finish machined from this plate. The mechanical properties of
j both of these steel grades equal or exceed those of the vessel shell
! material,
£ The door hinge parts were constructed of mild steel or cold-
: rolled mild steel as were the mounting feet, supports and tie-down bolts.
ﬁiﬂ The cradles were constructed of standard structural grade 10-in. wide

pL: flange steel I-beams.

£ Fabrication and Welding

-
12 ania:

B The vessels were proucured as hot-pressed hemispheres with the
3 | edges machined as a weld preparation so that when two hemispheres were

3 welded together they would form the best possible spheres. 4

After machining, the doors and hinge parts were assembled to
»ﬁ the inner side of each reinforcement ring and the hinge-parts were welded

in place. Each ring and door assembly was then welded into the port

machined into one hemisphere. Finally the main girth weld joining the two

fg hemispheres into a sphere was completed, the doubler plate welded in

i B place, and lifting lugs and support feet were welded to the outside of the

‘} vessel. All of the vessel main structural welding was performed in the
i Battelle-Columbus Welding Development Laboratory using the established ) |
welding procedures included in Appendix C. Regardless of where the weld- i

ing was performed, weld preheat temperature of at least 250 F was used.
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The ring-to-vessel welds and main girth welds were made as

follows, after preheat.

The parts to be welded were tacked in place

using E-B016-C3 covered electrode.

The root pass was deposited from the vessel in-
side surface using the shielded metal arc process
and E-8016-C3 covered electrode.

The root head was ground out to sound metal

from the outside.

The ground surface of the root pass was dye-penetrant-

inspected to insure removal of any lack of fusion

in the base of the root pass. Areas showing any in-

dication of lack of fusion were reground and rechecked

until sound metal was ensured.

The second weld pass was deposited from the outside
by shielded metal arc using the same electrode
material.

The joints on the first vessel fabricated and sub-
sequently tested extensively were completed

using E70- S~4, 0.045-in.-dia. electrode wire

in a semi-automatic metal-arc welding process,
according to welding procedure specification P-74-A
as given in Appendix C.

The joints on the subsequent three vessels were
completed using Hobart FabCO 81 cored wire
electrode in a semi-automatic gas metal-arc welding
process.

The face of each pass was cleaned by power wire
brushing to remove slag, and any visible porosity
in the weld surface was removed by grinding to

sound metals between welding passes.

i T
e -

|
|
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e The completed joints were radiographically
inspected in accordance with Section VIII,
Pressure Vessel Division 1 of the ASME Boiler
and Pressure Vessel Code, 1974.
For the girth welds, short lengths of 26-in.-dia. pipe
were tacked to the Yessel around the reinforcing ring and on the oppo- L
site side to allow rotation of the vessel on a fixture. This arrange- v
ment allowed autematic control of the welding advance speed and allowed
all welds to be deposited in the flat or horizontal position.
The doubler plates were welded in position using the shielded
metal arc process and E-8016-C3 covered electrode. These welds were not

radiographed.

VESSEL EVALUATION

An essentilal feature of this program was the explosive testing

e

of two of the four vessels fabricated. The first vessel tested had a
port reinforcing ring of ASTM A-350 material, while the second vessel had
a ring of ASTM A-537 Class 1 material. The results permitted an evaluation

of the design criteria used, the methods of fabrication employed, and the

ey M

explosive containment capability achieved. In addition to observation
and inspection, instrumentation and measurements were useful for expressing

the response of the vessels and for comparison with straightforward theo-

R T e

retical modeling of the vessel design and material. Establishment of a

R,

dependable model rontributes to the confidence of achieving success with

B, zaan ot

future designs to meet other choices of requirements. This section presents
the results of extensive testing of the first vessel fabricated and brief

testing of the second vessel.

Preliminary Work

Upon completion of the fabrication, the first 5-ft diameter

explosive containment vessel and cradle were transported from the Battelle

Laboratories in Columbus, Ohio to Building JS-6 of the Battelle Facilities
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at West Jefferson, Ohio. A total of six strain gages were installed

on the right outside surface of the vessel in a horizontal plane that
includes the polar axis, a horizontal line that is perpendicular to

the plane of the door reinforcing ring and to the main equatorial weld

of the two hemispheres. The location and orientation of the strain gages
is given in Figure 1. Gage #4 was installed on the reinforcing ring to
monitor hoop strains. The other five gages were distributed on the vessel
surface between the ring weld (gage #1) and the pole (gage #3). The
angular position of the gages with respect to the polar axis is specified
in Figure 1. The arrangement of the strain gages assumes that the vessel
response to explosive testing has cylindrical symmetry about the polar
axis.

To install the strain gages, a clean surface was obtained using a
portable grinder. The gages used were type EA-06-250-AE-350 manufactured
by Micro-Measurements, Romulus, Michigan. They were specified to have a
resistance of 350.0 + 0.15% Ohms and a gage factor of 2.115 + 0.5%. The
strain gages were bonded to the vessel with EPY 500 epoxy manufactured by
Baldwin-Lima-Hamilton (BLH). To cure the epoxy, the vessel was acated
from the inside with a large portable natural gas burner mounted on the end
of a 6~ft. pipe. ISA type K chromel-alumel thermocouples were spot welded
near each strain gage to monitor the temperature. The epoxy was cured for
at least one hour at 350 °F, as specified by BLH. A direct reading chart
recorder was used to interpret the thermocouple outputs.

A series of fiducial marks were layed out on the vessel surface to
monitor the average residual strain over 2-ft secti®ns accumulated from
plastic response to explosive testing. The marks consisted of punch im-
pressions to locate one end of a specially constructed tool, scribe lines
to align the tool and read the steel scale, and ink circles and numbers to
locate and identify each mark. The location of the fiducial marks is in-
dicated schematically in Figure 2. The distance between marks ranges

from 22 to 25 inches.
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FIGURE 1. LOCATION OF THE STRAIN GAGES INSTALLED (N THE OUTER
SURFACE OF THE FIRST 5~FT. DIAMETER EXPLOSION CON-
TAINMENT VESSEL.
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l "RIGHT SIDE VIEW
FRONT VIEW

LOCATION OF FIDUCIAL MARKS ON THE FIRST 5-FT
DIAMETER EXPLOSION CONTAINMENT VESSEL.



Instrumentation

The dynamic response of the vessel to explosive testing was
determined by making Polaroid photographic pictures of oscilloscope
fz traces of the output of bridge circuits containing a vessel strain gage
; as the active element. A Tektronix 502A dual beam oscilloscope gave %
records for gage numbers 1 and 2, and a Tektronix 5403 dual trace oscillo-

scope was used for gage numbers 3 and 4. Gage numbers 5 and 6 were not

monitored dynamically.

The trigger for the oscilloscopes was provided by the explosion :
of the blasting cap used to set coff the Detasheet at the center of the C-4 i
charge. The outward motion of the cap sheath made contact with an electri-
cally isolated sheath of copper sheet taped to the cap, in order to close
a circuit, discharge a capacitor, and produce a voltage pulse to trigger lg;
the scope sweeps.

Static readings of the strain gages were made with a Vishay In-

e — A -

struments Mocel SE-1 switch and balance unit and a Budd Model P-350 strain

' indicator. To determine the heating effect of the explosive charge, an
ISA type K chromel-alumel thermocouple was spot welded near the pole of 4

the vessel. A calibrated chart recorder was used to record the time-history

e Ay

of the voltage output of the thermocouple.

i
! Charge Preparation |

ok B, 2

e ]

Charges of composition C-4 high explosives for shots 1-5 were

prepared by hand packing a truncated cubical mold made of plywood. Pyramid
shaped wooden blocks were placed in the cormers of the cube to produce a shape

that is a rough approximation to a sphere. An average density of 1.55

S
e,
o AT R W am e

gm/cm3 was achieved. A right circular cylinder of Detasheet, 1.5 inches
| in diameter, 1.5 inches long, and weighing approximately 0.14 pounds, was
placed at the center of the charge. A cylindrical hole in the Detasheet

cylinder and in one face of the C-4 charge permitted the insertion of a #8

FL T apeay o
e i e

| commercial detonating cap at the time of explosive testing. The nominal

=
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dimension of the cubes was 6.0, 7.5, B.1 and 8.6 inches for charges
weighing 10, 20, 25, and 30 pounds, respectively.

For shots 6-13 improved spherical molds were fabricated using
. | a combination of plaster and plywood. These spheres flattened on the

i bottom rather quickly due to low rigidity of C-4. The dynamite selected

] for shot #14 was more difficult to form into a sphere, and a ribbed styro-
¢ i foam structure was used to hold a plastic bag containing the charge. Each
"' l of these charges was located at the center of the test vessel by means of

! a flimsy plywood table that was combusted by the subsequent explosion.

3»':,7 - Ultrasonic Thickness Measurements

Figure 3 summarizes the thickness measurements on the first
vessel, using an ultrasonic pulse technique. The equipment used was a

Sperry Reflectoscope UM721, a plug-in pulser-receiver unit, and a 2.25 ¥

T MHZ Aerotech UT probe with a l-inch diameter head. Light oil was used for :
}'?'i! surface coupling. The calibration was established by comparing micrometer

i ¢
) and ultrasonic measurements on a test specimen cut from the cap of the 7

&
¥
e e . —
.

vessel that was removed in order to install the door reinforcing ring. A

precision of 0.01 inch was obtained. The measurements were taken in a
pattern identical with the layout of the fiducial marks. The variation

of the thicknesses with location confirms a previous experience with hot-

pressed hemispheres.(3) Note that the shell is thinnest near the pole 'nd

is thickest near the main equatorial weld. The thicknesses range from 1.29

<

inches to 1.52 inches. By proper weighting of the data, we estimate that
the average thickness of the first vessel was 1.40 inches. These results
are useful for predicting the elastic-plastic response of the vessel to ex-

plosive testing and in selecting specifications for future procurement of

o S e e i W

..
ey
T

explosion containment vessels.




s St

-

il S a2t etk

ak

16

ERROR IN }
MEASUREMENTS = 0,01 INCHES ¢

AVERAGE THICKNESS = 1,40 INCHES

b R s o e~ e

TOP VIEW

” 1 -'“' o 1.46

1=

1.48

1.48

SIDE VIEW

FRONT VIEW

FIGURE3 . ULTRASONIC THICKNESS MEASUREMENTS IN INCHES ON
THE FIRST FIVE-FOOT EXPLOSION CONTAINMENT VESSEL
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Explosive Testing of the First Vessel

| Table 1 presents a summary of the explosive testing conducted
on the first 5-ft diameter explosive containment vessel. Shot numbers 1
and 2 employed a 10-1b charge, and the vessel response was elastic. Shot
number 3 used 20 lbs- of explosive, and the result was on the threshold of
plastic response. Shct numbers 4 and 5 used 25 and 30 lbs of C-4,
respectively, and a small plastic response was obtained. The doors of the
\ vessel were not closed for shot number 5. The vessel was slightly damaged

when the door bolts sheared off, and the vessel recoiled against the wall

1. of the test chamber. Using TV and movie cameras furnished by Mr. L. Wolf-
= son, it was observed that the vent flame for shot numbers 3 and 4 was ex-
tensive and that a further reduction of the small vent area around the
door (~0.25 in.2) was desirable.

Repair of the damage to the first 5-ft explosion containment
vessel was completed within two weeks after its occurrence. Shop work 3

was done to the hinges, doors, and feet to repair the damage, improve the ¥

y TR B e L
- e W e L

door closure, and decrease the vent area. Restoration of the strain gage

wires was also accomplished. Before transporting the vessel to the Battelle
West Jefferson facility, ultrasonic thickness measurements were performed.

The results indicate thicknesses ranging from 1.26 inch near the pole to

it AP St
b e

1.52 inch near the main equatorial weld.

During the week of March 17, 1975, the explosive testing program
for the first 5-ft vessel was resumed with Mr. Lennard Wolfson and Lt. H.
D. Nix present as technical observers. As summarized in Table 1, eight

additional shots were fired with no significant damage to the vessel. Shot

e
<

No. 6 was 20 pounds of C-4 to check out the instrumentation and to find out

R TV S Sy Y

if the dent at the pole or the restoration of the door hinges represented

e ! : . defects that precluded testing with larger charges. The effects of shot

i No. 6 were minimal, and it was decided that the vessel would be tested with

: 35 pounds of explosive. Shot No. 7 employed 35 pounds of C-4, and the vessel
responded quite satisfactorily. The only damage of significance was a small

» bending of the support plate that connects the two hinges. is bending

was probably due to blast effects. It progressed slowly throughout the test %




g ! TABLE 1. EXPLOSIVE TESTING RECORD FOR THE FIRST

: 5~FT DIAMETER EXPLOSIVE CONTAINMENT VESSEL
e ' Shot Test Type Explosive Teclnical
=f‘ Nuaber Date Explosive Veipht Observers Comments
e ' 1 2/24/18 Cc-4 10 ibs Nene Elastic tesnonse
k' Minor fnstrumentation problems L
2 2/26/15 C-4 10 1bs None Elastic response
¥ Inetrusentation OK
5
i
- 1| 3 2/25/1% C-4 20 1bs L. Velfson Threshold plastic response
b | B Lt, H, D. Nix S0 seconds of venting
3 Lost metal strip on door
b |
l [} 2/25/18 C-4 25 1bs L. Wolfson Small] plastic response
L, R. D. Nix S0 seconds of venting
! Improved scope trigger
s s 2/26/75 -4 30 1bs L. Wolfson Small plestic response
g Lt. H. D. Nix Doors not closed
Door bolts sheared off
;. Door hinges damaged
N Dent on vessel pole
»‘ Support feet twisted
IO ;
g 6 3/17/75 c-4 20 1bs L, Wolfson 60 seconds of venting 1
¢ l Lt. H. D. Nix Threshold plastic response 4
Lost eyebolt on right door H (T
7 31175 -4 35 1bs L. Wolfson 135 seconds of venting A
Lt. H. D. Nix Ringe support bent slightlv k
First small hinge crack
8 3/18/18 C-4 35 ibs L. Wolfson 150 seconds of venting 4
Le. H. D. Nix '
9 3/18/75 c-4 35 1bs L. Wolfson 180 seconds of venting “
Lt. H. D. Nix i
10 3/18/15 C-4 35 1bs L. Wolfson 200 seconds of venting
% Lt. K. D. Nix "
& EY)
E 1 3/19/15 C-4 35 1bs L. Wolfeon 175 seconds of venting i
::;x_ ] Lt. H. D. Nix Lost eyebolt on left dgor
_." ‘ 12 3/19/78 C-4 35 1bs L. Wolfson 150 seconds of venting "
A ! Lt. H. D, Nix Dent at pole was gone A
- {
3 13 3/19/75 c-4 35 lbs L. Wolfson 135 seconds of venting t'
;. - Test standa-d ret .
.“i i Observed det. prod. pres. hist. 4
14 3/20/75 602 spectal 47.5 lbs L. Wolfson 25 seconds of venting
¥ gelatin dynamite Black smoke, no flares &
4 Temperature rise of 105% F _-
4 1 Cumulative strain was only 12 E
s
B i v,
A General comments:
3
% (1) Truncated cubical charges were used for shots 1-5; (6) Hingc support problem progressed slovly after shot 7
y spproximately spherical charres were used for shots 6-14 (7) Small hluge cracks appeared and slowly developed after shot ?
E (2) Instrumentatfon survived entire shot scries (6-14) (8) Dcne at pole disappeared slowly
(3) Small plastic renponse with shots 7-14 (9) Rinp deformation was inaigniflcant
| (&) Shots 7-14 gave an average Incremental residual etraln of 0,122 (10) Door closure required attention after each shot »
! (5) Vessel temperature risc for shots 7-13 wan 90-100° F

e B0
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series, and led finally to three small hinge cracks. The immediate
impor: of this damage was a slight interference with the deor closure.
g | Adjustments were made with the hinge bolts before each shot in order to
minimize the vent area.

A total of seven shots of 35 pounds of C-4 were fired. Each

15. shot caused the vessel to rise 90-100 °F in temperaturé, representing
the absorption of 75 percent of the explosive energy. The average strain
over all fiducial marks showed a slight increase in strain per shot for
| the first two 35-1b shots (0.103, 0.140 percent) then gradually decreasing
i to 0.045 percent on the last 35-1b shot. The cumulative strain of the vessel
‘ was approximately 1 percent. The reinforcing ring showed very little response
( 0.3 percent). It is not known if the dent at the pole had weakened that
section of the vessel. The principal effect of the testing was
to restore the dent region to its original spherical shape. !
As a method for gaining further insight into the venting problem,
it was decided after shot No. 13 that 47.5 pounds of Dupont 60 percent

ot
- e —— —— -
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strength special gelatin dynamite would be fired in the vessel. The venting
from shot No. 14 lasted only 25 seconds, and the test chamber filled with

; black smoke. The dynamic strain gage records indicated a peak strain com-
parable with 35 pounds of C-4, however, the resulting increase in cumulative

strain was smaller than for 35 pounds of C-4,.

Measurements on the First Containment Vessel

Table 2 gives the cumulative residual strain readings from the six

a

WD NS I, ¢ T e et

strain gages mounted on the first five-foot vessel. The location of these

v 4
r ﬂ 4 gages is given in Figure 1. Dirty switch contacts rendered the results for
1} ¢ gage numbers 1-4 invalid for shot no. 1. The contacts were polished, the i
'é | . gage bridges were rezeroed, and no new contact problems occurred. After g
? | each explosive test, the strain gages were read 3-4 times. A negative drift i r”f
of approximately 100 microstrain was observed as the vessel cooled down to 1 E
ﬁ & the ambient temperature in agreement with published temperature cowpensatior i
! W X

data for the gages used. The results in Table 2 are for a cold vessel. 3
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20
! 1 TABLE 2. (UMULATIVE RESIDUAL STRAIN READINGS FROM STRAIN GAGES
3 AFTER SHOT {1 ON THE FIRST FIVE-FOOT EXPLOSION CONTAIN-
MENT VESSEL :
3 Amount Gag: Gage Gage Gage Gage Gage
E Shot of C-4, fa, f2, 13, ¢4, #5, 76, -
- Number  1bs - ME ue ue pe pe ue
1 10 - - - -- 19 23
3 2 10 82 9 4 19 44 22
“ 3 B
- 3 20 292 7072 6100 -69 0¥y ots
ik 4 25 729 9228 14681  -121 -1 -7
R | s(b) 30 - - - - —~ 2620
' (c)
£ 5 - =512 9444 -4128 =227 6719 2662
3 i 6 20 -644 9432 460 -154 6668 2745
| 2 7 35 122 9084 3374 -222 6608 3886
‘.’:14 ’ p
%ﬁi { 8 35 =60 8962 5290 -52 6825 5399 b
bei 9 35 419 8641 5958 72 7041 5866
}VE \ 10 i 1064 8579 7242 360 8138 7402
ﬁ f 11 35 1679 8426 8208 445 8781 8476
i ‘ 12 35 2703 8399 9272 .584 9261 9476
- ﬂ i 13 35 3553 8350 42002 680 9897 10512
g g 14 47.5(d) 3977 8428 11700 1072 10298 12266
? ;
B d (a) The readings on gages 1-4 for Shot #1 were invalid.
b ﬁ 3 All gages were rezeroed prior to Shot {2,
T (b) The vessel motion during Shot #5 tore away the cables on gages 1-5.
. (c) Readings prior to Shot #6 after reinstallation of gage cables.

(d) Explosive was 60% strength DuPont special gelatin dynamite.

i "Note: Readings given here are for a cold vessel.
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: The results indicate that the average residual strain in the vessel
shell due to the 14 explosive tests was approximately 1 per cent. The E

i residual hoop strain (Gage f#4) in the door reinforcing ring was only

0.1 percent.

ey

Tables 3 and 4 present the results of the fiducial mark readings

on the first five-foot vessel. The direct readings are summarized in
Table 3, and the accumulated strains are listed in Table 4. The location
_?7“ i & of the fiducial marks is given in Figure 2. Marks 1-1? were located on the
¢ } shell outer surface. A specialized tool with a curved section was used to
obtain readings related to the distance between points approximately 24 ?i
; inches apart. Marks 20-21 on the cradle surface were measured to verify X
the absence of problems with this tool. The very small variation of the
bl readings for Marks 20-21 supports the estimate of a precision of 0.005 in. |
4 5 Marks 22-25 permitted a measurement of changes in the mean horizontal and
; i vertical diameters of the reinforcing ring. After Shot #7, Mr. Wolfson 14
! suggested that a measurement of the vessel circumference near the main
A : qquatorial weld would complement the fiducial mark readings. A 50-foot steel

tape was used for the circumference measuremerts.

As indicated ir the rightmost column of Tables 3 and 4, the

accumulated strain of the vessel shell after Shot #14 ranged from 0.61 to
1.45 percent. The average residual strain, as determined from the fiducial

marks, was approximately 1 percent. The circumference changed by 0.82 per-

cent during the last 7 shots. Based on the results for Marks 14-19 during
the first 7 shots, the circumference probably changed by 1.11 percent during

the explosive testing. Although there remain some unexplained variations

Ly

in the data, the agreement among the average strain gage, fiducial, and .
circumference measurements is very good. The influence of the doubler plates )
and the cafe doors and hinges on the ring response is given by the results

for Marks 22-25.

3 Figures 4-6 were prepared to display the results of Table 4 more

the SERE S

4 £ clearly. Figure 4 gives the accumulated strain after Shot #14 at various
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